times with water following the technique of Dyke (1964) . The final washing was free of U.V. absorbing material.
Examination of water-soluble wall components. Soluble surface material was removed from conidia by repeated washing with water or by using the Dyke (1964) technique (described above). Polyphosphates and sugars were examined in the combined water washings after concentration to 5 ml. in a rotary evaporator at 40".
Polyphosphates were identified by thin-layer chromatography on starch (Canic, TurEic, Petrovic & Petrovic, 1965) . The solvent system was trichloroacetic acid + isopropanol+ distilled water containing 2.5 mM-EDTA and 2.5 ~M-NH,OH (5 g. + 80 ml. + 40 ml.). Polyphosphates were detected by spraying the plate with molybdateperchloric acid (Hanes & Isherwood, 1949) . For the determination of metachromatic activity, polyphosphates were precipitated from the concentrated spore washings by a saturated solution of barium acetate. The precipitate was washed, resuspended in 5 ml. water and shaken with 200 mg. Amberlite resin I R-120 (H+ form). The bariumfree solution was examined for metachromatic activity with 0.006 % (w/v) aqueous toluidine blue (Nassery, 1969) . The values of E530/EB30 were then calculated. Total phosphorus was determined by the method of Hanson (1950) after digestion with HNOS followed by HC104. Sugars in the soluble surface material were examined after hydrolysis in 0.5 M-H2S04 for 12 h. at 105" in a sealed tube. Excess sulphate was removed by precipitation with barium hydroxide and the supernatant solution was passed down columns of Amberlite IR-120 (H+ form) and 400 (acetate form). Total reducing sugars were determined by the arsenomolybdate method (Chan & Cain, 1966) . Individual monosaccharides were identified by paper chromatography. The solvent system was secbutanol + acetic acid + water (70 + 2 + 28, v/v). Sugars were detected by spraying the paper with p-anisidine (Mukherjee & Srivastava, 1952) .
Examination of surface protein. Surface protein was extracted from spores by incubating with urea (7 M, pH 2.8) containing 10 % (w/v) 2-mercaptoethanol for I h. at 37". The suspension was cooled and centrifuged, and the spores were washed four times with water then incubated with 0.1 M-NaOH for 15 min. at 4". The alkaline extract was dialysed against running water overnight (Gould, Stubbs & King, 1970) . Amino acids in the extracted non-dialysable wall material were determined on a Technicon TSM.1 amino acid analyser after hydrolysis with 6 M-HCl at 100" in an atmosphere of N2 for 2 1 h. (Fisher & Richmond, 1969) . Measurements were made on conidia which had been washed once with the appropriate buffer before suspension in HCI+NaCl or barbiturate+acetate buffer ( I : 0.05) of the required pH (Gittens & James, 1963) . Movement was timed over I 80 pm. in both directions (current reversal). Each mobility was the mean of at least 20 observations; the standard error of the mean was less 
RESULTS

Electrophoretic properties of Penicillium conidia.
The pH-mobility curves of conidia from five species of Penicillium grown on malt agar were all different and characteristic (Fig. I) . The pH-mobility curves were affected neither by repeated reculturing of the fungi nor by storage of conidia in water for up to 2 days. There was no evidence to suggest that suspension of conidia in the acid or alkaline buffers caused any surface denaturation; after suspension in pH 7.0 buffer, mobilities were the same as those of normal control conidia. A single washing in buffer before mobilities were determined was necessary to ensure complete removal of water from the conidia, but this washing had no effect on mobility; conidia shaken dry from culture plates had the same mobility as conidia harvested by the normal procedure.
Efect of age on pH-mobility curve of conidia of Penicillium expansum. The pHmobility curve of I day conidia grown on malt agar had a typical amino-carboxyl shape with an iso-potential point at pH 3-5 (Fig. 2 ) . After 2 days the pH-mobility curve ( Fig. 2) showed an acid surface with an iso-potential point of 2.0 closely resembling that from 7 day conidia (Fig. I) . As the shape of the pH-mobility curve showed little change after 2 days, all further tests were carried out on 7 day cultures.
Influence of growth medium on pH-mobility curve. The pH-mobility curve of conidia grown on Fries medium (3.0 g./l. KH2POa was quite different from that of conidia grown on malt agar and indicated an amino-carboxyl surface (Fig. 3) . When the phosphate content of the Fries medium was reduced to 0.03 g./l. KH2P0, the pHmobility curve had a similar shape although mobilities were higher above pH 7.0. When the phosphate content of the medium was increased to 6.0g./l. KH2P04 an entirely acid surface was formed (Fig. 3) .
Ecfect of washing on pH-mobility curve. The surface of conidia grown on malt agar became progressively less acid as the conidia were washed, until a typical amino- Table I) . The rapid increase in iso-potential point from 2.0 to 3.4 after only five washings shows that most surface phosphate was easily removable. Further washings produced only a small increase in iso-potential point, but the large increase in positive mobility at pH 2.0 and the similar increase in negative at pH 5.0 suggests that prolonged washing removed non-ionogenic material. When conidia grown on Fries medium with the highest phosphate content were washed the Surface components of Penicillium conidia 209 acid surface was only partially removed even after prolonged washing (Fig. 4) . The acid groups appeared to have become an integral part of the surface possibly because the polyphosphate was present in a higher polymeric form.
Composition of spore washings. The amount of phosphorus compounds washed from Penicilliurn expansum conidia varied widely with the nature and phosphorus content of the medium ( Table 2 ). The small amount of phosphorus removed from conidia grown on Fries medium with the highest phosphate content is in agreement with the electrophoretic results which showed that even prolonged washing had little effect on the acid surface (Fig. 4) . The metachromatic activity of the washings established that polyphosphates were present on all conidial surfaces. The highest polyphosphate content occurred on conidia grown on malt agar but small amounts were present on conidia grown on Fries medium. Conidial production was greater on malt agar than on Fries medium, even when the phosphorus contents of the two media were similar. Thin-layer chromatography of the concentrated water washings from conidia grown on malt agar confirmed the presence of polyphosphates and showed them to contain less than ten phosphorus atoms. The extracted material was free of nucleic acid, having no absorption at 260 nm., and imidophosphate linkages were absent as no infrared absorption peak occurred at 7-15 pm. (Correll, 1966) . As prolonged washing of conidia grown on malt agar seemed to remove nonionogenic material (Table I ) the water washings were examined for carbohydrates. The total reducing sugars (as glucose) from 20 successive water washes was 7.1 ,ug./g. dry wt of spores before hydrolysis and 12*6pg./g. after. Glucose and xylose were present before hydrolysis and, in addition, arabinose after hydrolysis. 
Nature of the rodlet layer. Hess et al. (1968)
suggested that the outer rodlet layer on Penicillium conidia might consist of cutin or a similar material, since they found the layer to be removed by treatment with aqueous or ethanolic KOH. None of the hydroxy fatty acids characteristic of cutin (Baker & Holloway, 1970) could be detected in ethanolic KOH wall extracts either by thin-layer or by gas-liquid chromatography. The fatty acids extracted from the cell walls after methylation and analysis by gas-liquid chromatography consisted mainly of palmitic (46.5 % of total peak area), oleic (I 9-9 yo) and stearic (19-5 yo) acids, although five other acids were present in small amounts.
Although many studies have been made on the lipid composition of fungi (Shaw, 1966) less work has been done on isolated cell walls. Laseter, Weete & Weber (1968) have, however, found that palmitic and oleic acids were the most abundant fatty acids in the surface wax from chlamydospores of Ustilago maydis.
The rodlets on freeze-etched Pencillium conidia closely resemble the patterns seen on some bacterial spores (Holt & Leadbetter, 1969) . The patterned surface layer on Bacillus coagulans spores consists of an alkali-soluble protein which can be removed from the spores by treatments which rupture disulphide bonds (Gould et al. 1970 ). Examination of freeze-etched replicas of Penicillium expansum conidia showed that the surface rodlets were not removed by incubation with mercaptoethanol in urea followed by treatment with 0.1 M-NaOH. The rodlets were, however, less distinct after alkali treatment, suggesting that some protein material may have been removed. The electrophorectic mobility of water-washed conidia fell, after alkali treatment, from (Table 3) had a high tyrosine and methionine content, proline was absent, and threonine, leucine, isoleucine, histidine, valine and cyst(e)ine were low as compared with conidial wall protein ( Table 4) . The distinctive amino acid composition of the extracted protein confirmed the partial removal of a definite surface layer. The total conidial wall protein was similar in composition to the cytoplasmic protein. Mercaptoethanol pretreatment had little effect on the removal of surface protein and the amino acid composition of the alkaline extract was the same whether mercaptoethanol was used or not. It is at first sight surprising that closely related species should have such widely different mobility curves; the explanation probably lies in the presence of a polyphosphate layer which is not an integral part of the conidial surface.
The presence of surface phosphate on conidia of Penicillium expansum was previously demonstrated by treatment with acid phosphatase and confirmed by the decrease in mobility at pH7-0 which occurred in the presence of Ca2+. Removal of phosphate by enzyme action or prolonged washing revealed an underlying amino-carboxyl surface D. J. FISHER AND D. V. RICHMOND (Fisher & Richmond, 1969) . The curves of the other Penicillium species (Fig. I) are indicative of amino-carboxyl surfaces containing varying amounts of phosphate. The curve of P. notatum is remarkably similar to that of P. expansum after complete phosphate removal (Fisher & Richmond, 1969) .
No imidophosphate linkages or nucleic acids were detected in extracts from Penicilliurn expansum conidia and phospholipids are absent as the surface is lipid-free (Fisher & Richmond, 1969) . Although surface phosphate groups have been detected on yeast cells (Eddy & Rudin, 1958) and Neurospora crassa conidia (Somers & Fisher, 1967) as well as on P. expansum conidia (Fisher & Richmond, 1969) , the exact nature of the phosphate was not specified. Rothstein & Meier (1951) have, however, suggested that uranyl ions may react with polyphosphate-like groups on the yeast surface, and Harold (1962) has shown that cytoplasmic polyphosphate can bind to hyphal walls of N . crassa.
The Penicillium conidium has a three-layered wall covered with an outer patterning of rodlets (Sassen, Remsen & Hess, 1967) . Carbon replica studies suggest that the rodlets are themselves covered with an additional very thin film . This film may constitute the polyphosphate layer present on unwashed conidia. Our results show that the polyphosphate layer is not an integral part of the conidial surface. Eddy & Rudin (1958) also found that phosphate groups were absent from the surface of cells grown in phosphate-deficient media.
No specific function can, at present, be suggested for the surface polyphosphate which may act simply as an inorganic phosphate reserve (Harold, 1966) . Alternatively, polyphosphate may be implicated in phosphorylation reactions involved in the transport of glucose into the cell on germination (Rothstein & Meier, 1951) .
The presence of free xylose in the carbohydrate layer of conidia is of interest. Xylose has been found in hyphal walls of Penicillium chrysogenum (Hamilton & Knight, 1962) , P. digitatum and P. italicum (Grisaro et al. 1968) . Rizza & Kornfeld (1969) were, however, unable to detect xylose in either hyphal or conidial walls of P. chrysogenum.
Arabinose which was found in the carbohydrate layer after hydrolysis has also been found in small amounts in hyphal walls of Aspergillus niger (Johnston, 1965) .
The rodlet layer appears to be an integral part of the wall structure since it is not easily separated from the rest of the wall by mechanical disruption. This layer is free of cutin and is not composed of a unique protein. The surface layer does, however, contain protein of a different amino acid composition from that present in the whole wall. The amino acid composition of the whole conidial wall is similar to that of the hyphal wall of Penicillium notatum (Applegarth, 1967) except for the presence of valine. Conidial walls of P. chrysogenum are, however, quite distinct, since tyrosine, phenylalanine, methionine and histidine are absent (Rizza & Kornfeld, 1969) . Fungal cell walls have frequently been reported to contain a full complement of amino acids (Crook & Johnston, 1962; Shah & Knight, 1968; Aronson & Fuller, 1969) .
The high tyrosine and methionine content of the surface protein may be significant. Tyrosine is a precursor of melanin, which can protect fungi from enzymic lysis (Kuo & Alexander, 1967 ; Bull, I g o ) , while methionine as S-adenosylmethionine, an important methyl donor in plants (Meister, 1969 , may detoxify injurious substances. Although the rodlet layer superficially resembles the surface layer of Bacillus coagulans spores (Gould et al. 1970 ), the two layers are different in structure and composition.
Water repellency can probably be attributed to the rodlet layer. The polyphosphate
